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ABSTRACT 

A variety of research papers from numerous reputed journals with regard to laminar convective transferred heat has been 
gathered and analyzed. This article reviews modern studies in a round tube with boundary conditions of CHF for 
transferred heat by convection, i.e., turbulent and laminar. By adding silver (Ag), nanoparticles of MWCNT or multi-wall 
carbon nanotubes individually in particular fraction of weight in distilled water as base fluid Agor water and 
MWCNT/nanofluid of water is obtained and the dispersion of these two nanoparticles simultaneously (Ag: 
MWCNT::75:25) results in the formation of hybrid nanofluid (Ag-MWCNT)/water. The HRTEM or high-resolution 
transmission electron microscopy is employed to determine the shape, size and structure of morphology. The images of 
TEM of the samples of nanoparticles are obtained at dissimilar magnifications. The method or technique of EDX Energy 
Dispersive X-ray Spectroscopy is particularly used for analysis of element and chemical composition of samples. Based on 
the principle that a unique atomic structure is possessed by every element , these structures allow a specific set of peaks on 
its spectrum of electromagnet. The arrangement is authenticated through experimentation of the forced convective 
coefficient of transferred heat using flow of laminar with boundary conditions of CHF that had been performed using 
distilled water. The results were associated with a well-known logical solution given by Shah Equation. As a result , the 
usage of nanofluids displays a rise in transferred heat in conflict with distilled water. The concentration of weight of 
nanoparticles is responsible for the augmentation of transferred heat and the improvement of transferred heat was 
observed with the rise in N Re . 
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INTRODUCTION 

Heating and cooling of fluid are some of the basic processes employed in industries like chemical, electrical, 
recovery of heat, cryogenic, fabrication, transportation, manufacturing, A/C, refrigerator and so on. The 
enhancement in transferred heat along with higher effectiveness is the key requirement for all industries 
(Elshazly et al ., 2017; Mojarrad et al ., 2014). As there is a shortage of resources of energy and the necessity for 
compact systems, so augmentation methods of transferred heat in a variety of processes are abundant. Another 
method of improving the co-efficient of transferred heat is an enhancement in the characteristics of thermo¬ 
physical properties of the fluid, like conductivity of thermal, viscosity and so on. Fluids like EG or ethylene 
glycols, water, propylene glycol, oil and so on do not have sufficient capability of transferred heat. This is 
because of the lower conductivity of the thermal properties of this fluid (Babita and Gupta, 2019; Babita et al., 
2017). The properties of the thermo-physical properties of the fluid are improved through the suspending metal 
oxides or metal into the conventional fluid. It is probably due to metal oxide or metal has superior conductivity 
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of thermal properties when compared with usually employed fluids. This augments the coefficient of transferred heat of 
the fluid. 

A nano-sized particle, i.e., suspended in the fluids of transferred heat is called nanofluids. So, that rid of 
these restrictions is acquired. This was primarily initiated by (Choi and Eastman, 1995; Mapa and Mazhar, 2005; 
Ravigururajan, 1998) at Argonne National Laboratory USA. These displayed superior thermal properties like higher 
conductivity of thermal properties, longer capabilities of time-standing and uniform fluid having a very little 
obstruction in the flow pipes and channels due to very minute dimensions and a larger area of the surface of the 
nanoparticles. 

A two-step technique and a one-step method are two preparation methods of nanofluids. This demonstrates the 
classification of preparation methods of nanofluid. The method of two-step is popular for the preparation of nanofluids. 
The materials like nanoparticles, nanotubes, nanofibers and so on are employed in the method of two-step, which are 
primarily developed as dry powders. The methods of chemical or thermo-physical properties are employed. In the second 
step, the powder which is small-sized i.e., nano-sized is dissolved into a fluid. This takes place with the usage of agitation 
of the force of magnet, mixing of high shear, homogenizing, agitation of ultrasonic and milling of ball (Zhang et al. 2010). 
This demonstrates the representation of the two-step method for preparation of nanofluids. 

In the method of one-step, the nanoparticles are prepared and distributed directly in the employed base fluid. The 
one-step method does not use the processes like drying, storing, transport, and distribution of nanoparticles. This leads to 
the lowest agglomeration and increased stability. In this process, the particles can be mixed in the traditional fluids with 
stability. 

NEED FOR STUDY 

Nanofluids produce valuable distinctive properties in thermal systems. Numerous applications of nanofluids are described 
in these research works: 

• Synthesis of nanoparticles 

• Analysis of the behavior of thermo-physical properties of nanofluids, like specific heat, the conductivity of 
thermal properties, density, viscosity and so on. 

• Characterization of nanofluids 

• Design and advancement of the investigational system to discover the transferred heat 

• Examine the effects on convective transferred heat at dissimilar rates of flowing 

• Examination of enhancement of transferred heat with and without the usage of nanofluids. 

REVIEW OF LITERATURE 

(Mehrali et al ., 2015) performed experiments to discover laminar transferred heat and pressure penalty of nanofluids like 
alumina or water and alumina or water-ethylene glycol in the inlet of a round tube. The nano fluids had more conductivity 
of thermal properties and viscosity in contrast to base fluids and this is enhanced with enhancing loading of the 
nanoparticle. 
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(ilhan and Erturk, 2017) examined experimentally the transferred heat and dropping of pressure characteristics of 
Zinc Oxide or EG or Ethylene glycol-water in transient conditions of flow. At 2.5 wt.% of nanofluid, the highest increase 
in the coefficient of transferred heat was 30% when producing a contrast with base fluid. Results showed some 
contradictory behavior that at 5 wt.%, there was a decrease in the coefficient of transferred heat. 

(Mehrali et a/., 2015) examined both performing an experimental and arithmetical study to discover an improvement 
in the transferred heat of nanofluids of GNp underflow of turbulence. Nu, loss of pressure and performance were different in 
the range of 3-83%, 7.96-25% and 0.4-14.6% for dissimilar concentrations of weight in contrast to the base fluid. 

(Hamid et al. 2015) experimentally found the transferred heat of Ti02 or water-ethylene glycol. As per the 
findings, the coefficient of transferred heat improved by improving the NRe. Enhancement obtained in the value of the 
friction factor was 1.1 times in contrast to base fluid. 

(Hussein et al ., 2017) performed research on transferred heat and characteristics of flow using the hybrid 
nanofluids comprising of graphene nanoplatelets and MWCNTs or multi-walled carbon nanotubes. The coefficient of 
transferred heat was observed rising along with the loading of the nanoparticles and decreases along with the rising trend of 
the NRe. According to the results, SST k-Y model was the best, and it gave the error in mean Nu and factor of friction was 
0.44 and 1.82%. 

(ilhan and Erturk, 2017) developed a new type of nanofluid, i.e., hBN or hexagonal boron nitride or water and 
experimentally investigated forced convection characteristics of transferred heat in a horizontal circular pipe under 
boundary conditions of CHF. The results showed that improvement of transferred heat of 7%, 10% and 15% for the 
nanofluid concentration of volume of 0.1%, 0.5% and 1%, respectively. They observed that there is no abnormal change 
found in the coefficient of transferred heat and also in corresponding Nu. This nanofluid has superior stability and 
performance, so it could be used in applications of thermal properties of a variety of industries. 

(Teng et al ., 2017) presented a combined experimental and numerical study for A1203/water nanofluids to 
discover transferred heat. The laminar conditions of flow were considered. Results showed that with enhancing the loading 
of nanoparticle, there was a decrease in wall temperature and Nu enhanced and also obtained increment in pressure drop. 

THERMO-PHYSICAL PROPERTIES (NANOFLUIDS) 

The different properties of silver (Ag) and MWCNT nanoparticles in water (distilled) were found using empirical formulas y 
(equations refers literature 5 and 6), respectively. The values were calculated for all weight concentrations. The values of 
viscosity as well as thermal conductivity for Ag-MWCNT nanofluids were measured using viscometer and thermal 
conductivity meter, respectively. The properties of Ag, MWCNT and Ag-MWCNT (nanoparticles) and water (distilled) are 
considered in the present investigation and are presented in Table 1.1. The thermal conductivity, density and viscosity showed 
increase with the rise in particle concentration, while specific heat showed downward trend with increasing particle loading. 


Table 1: Thermo-Physical Properties 


Material/Nanoparticles 

Used 

Density 

(Kg/m3) 

Viscosity 

(mpa.s) 

Specific 
Heat 
(J/kg K) 

Thermal 
Conductivity 
(W/m K) 

Water (distilled) 

1000 

0.000798 

4187 

0.62 

Ag 

1250 

- 

240 

423 

MWCNT 

2100 

- 

702 

3000 
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DESIGN AND DEVELOPMENT OF TEST RIG OF TRANSFERRED HEAT 


An experimental structure was designed to perform the experiments of forced convective for the nanofluids. Figure 3 
demonstrates the diagrammatic representation of the experimental structure. The experimental test rig is equipped with 
pumps, heat exchanger, thermocouples and differential transducer of pressure. The test section is made of a horizontal 
copper tube with 1400 mm length and 8 mm internal diameter approximately. The 1200-mm tube length is heated 
uniformly with a tape heater (high temperature) with the power of 900 W or higher, which could be varied with the help of 
variance. The ammeter and voltmeter are employed to measure the power supply. The test section is insulated with thick 
insulating material to prevent any loss of heat to the surroundings. Ten thermocouples of J-type of 0.1 °C accuracy are 
attached to the outer surface of the tube along the test section at equal length. Two PT-100 thermocouples were also 
attached at the outlet and inlet of the tube of the test section. 


A heat exchanger having 10-12 liters of water used as a cooling fluid for lowering the temperature of the hot fluid 
coming from the test section. 


Here, figure 1 demonstrates the pattern of EDX for Ag, MWCNT and Ag-MWCNT nanoparticles, respectively. 
Figure 1 represents stronger Ag peaks, which demonstrates the existence of Ag nanoparticles in the sample and Cu peaks 
in the patterns are because of the copper substrate, which was employed for TEM imaging. Simultaneously, figure 2-4 
demonstrates stronger C peaks, which display the existence of carbon nanoparticles in sample and MWCNT particles 
contain iron (Fe) in small proportion, so Fe peaks are also shown in the pattern and again Cu peaks are a due copper 
substrate. Again, figure 1 demonstrates the pattern of EDX of Ag and MWCNT mixture; there are peaks of C, Ag, Fe and 
Cu. 



Figure 1: Experimental Structure. 
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Figure 3: EDX Patterns of MWCNT Nanoparticles. 



Figure 4: EDX Patterns of Ag-MWCNT Nanoparticles. 
RESULTS AND DISCUSSIONS 


The enhancement of transferred heat in a thermal system is the main purpose of this research work. The results for fluid 
flow and transfer of heat in a tube having CHF boundary conditions under the laminar flow regime are presented in this 
chapter. The three nanofluids like Ag-water, MWCNT-water and nanofluids of Ag-MWCNT-water are employed. The 
experimentations were achieved with five concentrations of weight like 0.02%, 0.05%, 0.1%, 0.2% and 0.5% of three 
nanofluids within the Re range, i.e., 1385 < Re < 1985. The improvement of transferred heat is attributed to the reduction 
in thermal resistance due to the nanoparticles in the base fluid. Our main quantities of interest are raised in the rate of 
transferred heat. 
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Silver/Distilled Water Nanofluids 
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Figure 5: Local Coefficient of Heat Transfer of Ag/Distilled Water along 
the Axial Length of Test section at Reynolds No. (a) 1385, (b) 1600 and (c) 

1985. 



Figure 6: Average Coefficient of Heat Transfer of Ag/Distilled 
Water (at different Weight Concentrations) with Reynolds 
Number. 

Figure 6(a-c) represents the local coefficient of heat transfer along the axial direction of the tube (CHF boundary 
condition) for distilled water and nanofluids with particle loadings (0.02 to 0.5) in the Reynolds range (1385 to 1985). The 
observation shows that the values of local coefficient of heat transfer are maximum at the entry of the section under 
observation. The coefficient of heat transfer reduced downstream along the length of the section. It can be interpreted; as 
we go along the axial direction, the thickness of thermal boundary layer raises leading to reduction in the heat transfer. The 
coefficient of heat transfer for all weight concentrations of nanofluids and Reynolds numbers is higher for Nano fluids in 
contrast to distilled water figure 8. This can be explained due to rise in thermal conductivity because of dispersed 
nanoparticles and secondly because of disruption in boundary conditions. The randomness due to Brownian motion also 
influences the thermal boundary layer (Peng et al. 2009) 
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MWCNT-Distilled Water Nanofluids 

Figure 9(a-c) reveals the local convective coefficient of heat transfer along the test tube for distilled water and 
MWCNT/distilled water having weight fractions (0.02 to 0.5 wt%) at Reynolds number, i.e., 1385, 1600 and 1985 
respectively. The trends are similar as in the earlier case. The nanofluids show better results at all weight concentrations 
and Reynolds numbers that distilled water. Figure 10 depicts the maximum enhancement of 68.6% compared to the 
distilled water at 0.5 wt% at Reynolds number 1985. 



(a) 



(b) 


20 40 <0 SO 100 130 

I'D 


(c) 


Figure 7: Local Coefficient of Heat Transfer of Multi-wall CNT-Water along 
the Axial Length of Test section at Reynolds No. (a) 1275, (b) 1500 and (c) 

1875. 


The nanoparticles of silver and MWCNT were taken together to form hybrid nanofluids in order to have 
properties of both the nanoparticles. Figure 7(a-c) depicts the variation of convective heat transfer coefficient along the test 
tube for distilled water and weight fractions (0.02 to 0.5 wt%) of Ag-MWCNT/distilled water nanofluids at Reynolds 
number, i.e., 1385, 1600 and 1985 respectively. The trends are similar. Figure 8 shows the maximum enhancement of 
60.1% compared to distilled water at 0.5 wt% at Reynolds number 1985. The enhancement is in between the above used 
nanofluids. 


Distilled Water 
0.02 wtH Multiwall CNT 
0.05 wtH Multiwall CNT 
0.1 wtW Multiwall CNT 
0.2 wtH Multiwall CNT 
0.5 wt<K Multiwall CNT 


1500 

2500 

K.jm.Ma Numb.r (R«) 


Figure 8: Average Coefficient of Heat Transfer of Multi-wall /Distilled Water 
(At Different Weight Concentrations) with Reynolds Number. 
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CONCLUSIONS 

The transformation of heat by convection of distilled or silver water, Multi-wall water of distilled or CNT and Ag-Multi- 
wall water of distilled or CNT of nanofluids having 0.02%, 0.05%, 0.1%, 0.2% and 0.5% concentrations of weight are 
experimentally examined for laminar flow in and the around tube, i.e., CHF boundary conditions. The NRe was taken 
between 1385 and 1985. The focal point of the investigation was to evaluate the consequence of the particle weight 
concentration and NRe on heat transfer characteristics. The observations made from the investigation are as under. 

The use of nanofluids reveals a rise in heat transfer in contrast to distilled water. The highest augmentation of 
transferred heat was observed for MWCNT or nanofluids of distilled water followed by Ag-MWCNT or nanofluids of 
distilled water and least enhancement was observed with Ag or nanofluids of distilled water for same operating conditions. 

The concentration of the weight of nanoparticles is responsible for the augmentation of transferred heat. As the 
particle loading was increased from 0.02 to 0.5 wt% in 1985, the enhancement was 42.9, 40.5 and 35.9% for Ag, Ag- 
MWCNT and nanofluids of MWCNT, respectively. 

The improvement of transferred heat was observed with the rise in NRe. With NRe rise from 1385 to 1985 at 0.5 
wt%, the augmentation 28.8, 20.3 and 21.8% was observed for Ag, Ag-MWCNT and nanofluids of MWCNT, respectively. 
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